Introduction
Hip fractures are common with a substantial public health impact. There were approximately 65,000 hip fractures in England, Wales and Northern Ireland in 2015 [1] ; this number is projected to increase as our population ages. Hip fractures are associated with significant morbidity and mortality [2] [3] [4] , and have a considerable financial impact upon healthcare systems. Annual hospital costs associated with incident hip fractures have been estimated at £1.1 billion for the UK [5] .
Greater deprivation is associated with an increased hip fracture incidence in many countries including Australia [6] , Canada [7] , Portugal [8] , Sweden [9] and the USA [10, 11] . In contrast, the reverse relationship has been reported in Spain where hip fracture risk was higher in the least deprived compared to most deprived areas, possibly explained by the protective effects of obesity for the hip [12] . In the UK, a number of studies have identified an association between worsening deprivation and higher hip fracture incidence [13] [14] [15] [16] , but this has not been consistently demonstrated albeit by studies of varying lengths [17, 18] . In addition, recent evidence suggests that the relationship between deprivation and hip fracture risk may be stronger in men than in women [16] , potentially explained by differing predispositions in men and women towards lifestyle habits that increase fracture risk, such as tobacco and heavy alcohol consumption [19, 20] .
Over the last two decades, efforts have been made to prevent hip fractures, through development of fracture liaison services that prioritise secondary fracture prevention [21] . Over this period, hip fracture incidence has plateaued or declined in high-income countries; age-standardised hip fracture incidence declined in Australia [22] , Canada [23] and the USA [24] , and rates have plateaued in England [13, 15, 25] . However, contrasting gender-specific trends in England have been reported, with hip fracture incidence rising among older men, but declining among the larger older female population (between 2003 and 2013) [26] . In support of this, analysis of the Clinical Practice Research Datalink (CPRD) showed that hip fracture incidence had remained unchanged in women between 1990-1994 and 2008-2012 , but had increased in men over the same period [27] .
What is not known is how the relationship between deprivation and hip fracture incidence has changed over recent years in men and women. We hypothesised that secular changes in hip fracture incidence in men and women have not been the same across all levels of deprivation; we hypothesised that greater declines in hip fracture incidence would be observed among women living in less deprived areas, given a greater awareness of osteoporosis risk among women, and that individuals living in less deprived areas are more likely to engage with preventative healthcare services [28] . We used English Hospital Episodes Statistics (HES) and Office for National Statistics (ONS) midyear population estimates for the period 2001 to 2015, to identify if secular trends differed by levels of deprivation among men and women in England over this 14-year period.
Methods

Data sources
We used anonymised patient-level data from the routinely collected HES Admitted Patient Care database that included admissions to all English hospitals within the National Health Service (NHS) (i.e. excluding privately financed healthcare) for the period 1st April 2001 to 31st March 2015. Each entry, or episode, in HES relates to a period of care under a single hospital consultant; there are one or more hospital episodes during a hospital admission. Each HES episode includes information on patient demographics and up to 20 clinical diagnoses using International Classification of Diseases, Tenth Revision (ICD-10) disease codes [29] .
We obtained mid-year population estimates for England for each year from 2001 to 2014 from the ONS. We received population denominator data stratified by age categories (birth to 90+ years in 5-yearly intervals), gender and Index of Multiple Deprivation (IMD) 2015 quintiles.
Study population
We identified hip fracture admissions using ICD-10 disease codes for fracture of neck of femur (S72.0), pertrochanteric fracture (S72.1) and subtrochanteric fracture (S72.2). Our study population consisted of index cases of hip fracture, that is, the first occurrence of hip fracture, among male and female English residents aged 50 years and older who were admitted to the hospital with a hip fracture or who sustained a hip fracture during a hospital admission. We excluded second hip fractures in order to avoid double-counting, since we were not able to distinguish reliably between two separate hip fracture events in HES. We excluded patients under the age of 50 years as hip fractures in this age group are primarily due to high-impact trauma. We also excluded patients with missing data for age, gender, IMD and geographic region of residence (n = 4667).
Study variables
We used the IMD to measure socio-economic deprivation. The IMD is a relative measure of deprivation for small areas, termed lower super output areas (LSOAs), which are defined as geographical areas of a similar population size with an average of 1500 residents [30] . The IMD is composed of seven measures of deprivation: income deprivation; employment deprivation; education, skills and training deprivation; health deprivation and disability; crime; barriers to housing and services; and living environment deprivation. There are 32,482 LSOAs in England, and each LSOA is assigned a score and a rank for the individual domains of deprivation. A weighted sum of the ranks for each domain is used to calculate an overall IMD score based upon which LSOAs are then ranked nationally. The [29] . We used the IMD rank for a patient's LSOA and categorised patients into quintiles based upon the national ranking of local areas, with quintile 1 being the least deprived group and quintile 5 being the most deprived group.
We derived further variables to describe patient characteristics, including 5-yearly age groupings from 50 years to 90+ years, gender and comorbidity. We used the Royal College of Surgeons Charlson Score to measure comorbidity [31] . This is based upon several chronic conditions identified using ICD-10 diagnosis codes for the index hip fracture admission and admissions in the preceding 3 years. In our HES extract, comorbidity data were only available for the most recent 10 financial years (2005/2006 to 2014/2015) so we restricted our comorbidity analyses to the most recent 7 years (2008/2009 to 2014/2015) to allow a 3-year retrospective period. We categorised the comorbidity score into a four-level ordinal variable (0, 1, 2 or 3 or more comorbid conditions).
Research approvals
We obtained NHS Research Ethics Committee approval for this study (REC reference: 15/LO/1056).
Statistical analyses
We summarised key demographic statistics, and used the chisquared (χ 2 ) test to assess the association between categorical variables and linear regression to assess trends in logtransformed age and IMD score. We calculated annual incidence rates of hip fracture per 100,000 population as the number of index hip fractures divided by the population count for each year, gender and IMD quintile. To assess time trends, we used direct standardisation to calculate age-standardised rates using the population of England in 2001 as our reference year and grouping age into nine bands.
Separately for women and men, we used Poisson regression modelling to determine the association between IMD and hip fracture incidence and calculated incidence rate ratios (IRRs), using quintile 1, the least deprived quintile, as the reference category and adjusting for age. We then included year as a linear term to test for time trends, and tested for differences in time trends by deprivation by including interaction terms. All statistical analyses were conducted using Stata, version 14 MP.
As a secondary analysis, we explored time trends among hip fracture patients with comorbidities and examined differences by levels of deprivation. We were unable to determine differences in hip fracture incidence by comorbidity because we lacked comorbidity data for the English population as a whole. Instead, we used direct standardisation to calculate the age-standardised proportion of hip fracture admissions with low (≤1 comorbid condition) and high (≥2 comorbid conditions) comorbidity by gender and IMD quintiles using the hip fracture population in 2008 as the reference year.
Results
We identified 752,036 hospital admissions with an index hip fracture among English residents aged 50 years and older from 2001 to 2014. We excluded 4667 (0.6%) patients with missing data for age, sex, IMD and/or geographic region of residence. Of the remaining 747,369 cases of hip fracture, 74.2% occurred in women and 37.7% had two or more coded comorbid conditions ( Table 1 ). The median (inter-quartile range) age of our study population was 83 years (77-88): 81 (74-87) in men and 84 (78-89) in women. Hip fracture patients in the most deprived quintile were more likely to be younger, male and have a higher burden of comorbidity when compared to patients in the least deprived quintile (Table 1) . Over time, the proportion of women decreased and the burden of comorbidity increased within our hip fracture population ( Table 2) .
Hip fracture incidence
Whilst the number of hip fracture admissions increased over the 14 years examined, from 50,640 in 2001 to 55,092 in 2014, overall age-standardised hip fracture incidence rates decreased from 308 to 271 per 100,000 population between 2001 and 2014.
Trends in age-standardised incidence differed markedly by gender with a decline observed for women at an average rate of 1.1% per year, whilst rates increased for men at an average rate of 0.6% per year (gender by time interaction p < 0.001). As expected, considerably higher rates of hip fracture were observed among older people (80+ vs. <80 years: IRR 12.64 [95% CI 12.58, 12.70], p < 0.001), but the rate among women was approximately 80% higher than that for men even after adjusting for age (IRR 1.78 [95% CI 1.77, 1.79], p < 0.001).
Hip fracture incidence by levels of deprivation in men Age-adjusted incidence was substantially higher for men in the most deprived compared with the least deprived quintile (IRR 1.50 [95% CI 1.48, 1.52], p < 0.001) with a doseresponse pattern (Fig. 1) .
From 2001 to 2014, age-standardised hip fracture incidence rates increased similarly for men across all strata of deprivation and this rate of increase did not differ by levels of deprivation (deprivation by time interaction, p = 0.11) (Fig. 2) .
Hip fracture incidence by levels of deprivation in women
In women, there was a less marked association between levels of deprivation and hip fracture incidence with a dose-response pattern (Fig. 1) . Age-adjusted hip fracture incidence was 17% higher in the most deprived vs. the least deprived quintile (IRR 1.17 [95% CI 1.16, 1.18], p < 0.001).
Whereas age-standardised incidence declined in women across all strata of deprivation from 2001 to 2014, more marked declines in hip fracture incidence were observed among women in the least deprived quintile as compared to the most deprived quintile (deprivation by time interaction, p < 0.001). For example, among the least deprived quintile, hip fracture incidence decreased by 60 hip fractures per 100,000 women between 2001 and 2014 equating to an average decline of 1.41% per year, whilst among the most deprived quintile a more modest decline of 31 hip fractures per 100,000 women was seen, equating to an average decline of 0.59% per year (Fig. 2) .
Hip fracture admissions among those with high levels of comorbidity
Over the period 2008 to 2014, 46.2% of men and 34.5% of women with a hip fracture admission had high levels of comorbidity. After standardising for age, the proportion of hip fracture admissions rose by 14.2% among men and 12.7% among women between 2008 and 2014. The agestandardised proportion was higher in the most deprived compared with the least deprived quintile in both men and women, and this proportion increased similarly across all strata of deprivation (Fig. 3) .
Discussion
This study examined the relationship between area-based deprivation and hip fracture incidence in men and women aged 50 years and older in England over a 14-year period, confirming that whilst age-standardised hip fracture incidence is declining in women, there has been an increase among men. Among men, social deprivation is associated with substantially higher hip fracture rates, and these inequalities have not improved over more than a decade, so that men who are most deprived are 50% more likely to fracture their hip than those who are least deprived. Across England, when averaged over 14 years, this equates to approximately 8546 excess hip fractures per year occurring among men with greater deprivation (quintiles 2 to 5 vs. 1). Among women, the effect of deprivation on hip fracture incidence is weaker: however, owing to the higher incidence of hip fractures in women, the absolute burden of deprivation on hip fractures is greater in women than in men. Differences in hip fracture incidence have become more overt over time, with women who are most deprived benefiting the least from improved secular trends in hip fracture incidence. Comorbidity levels have increased within the hip fracture population over time, and these increases have occurred in women and men across all deprivation strata.
Ours is only the second study in the UK to examine the association between deprivation and hip fracture incidence Pearson's chi-squared test was used to assess the association between deprivation quintiles and categorical outcome variables; linear regression was used to assess trends in log-transformed age by deprivation quintiles IQR interquartile range, IMD Index of Multiple Deprivation a Restricted to financial years 2008-2014 and is calculated using comorbidity data derived from the index hip fracture admission and hospital admissions in the previous 3 years [13] ; however, their analyses were not gender stratified and were based upon the Carstairs deprivation index, an area-based measure of relative material deprivation calculated at the ward level using four census indicators (male unemployment, overcrowding, car ownership and low social class) [32] . We used the IMD which, in contrast, is based on a broader range of deprivation measures across seven domains of deprivation, and therefore is considered to provide a more comprehensive assessment of deprivation at the smallarea level. We also measured at a smaller and more homogenous area (LSOAs), which should have reduced exposure misclassification.
Few studies have examined the relationship between deprivation and hip fracture incidence by gender. Our findings suggest a stronger association between deprivation and hip fracture incidence in men than in women and are consistent with those of a recent UK study, in men and women aged over 18 years, using general practitioner (CPRD) records from 1988 to 2012 [16] ; our findings, with the advantage of a larger sample size, confirm a clear association between deprivation and hip fracture risk in men, and determine a previously unidentified association between deprivation and hip fracture risk in women. This association between deprivation and increased hip fracture incidence in both men and women may partly be explained by the social gradient of lifestyleassociated risk factors for fracture. The prevalence of tobacco [33] and heavy alcohol consumption [34] is higher among more deprived populations, with men rather than women having a greater propensity towards these lifestyle habits [19, 20] . Alcohol consumption and tobacco use are associated with an increased risk of hip fracture in men [35] . Similarly, the prevalence of obesity, physical inactivity and poor nutrition increases with greater levels of deprivation [36] . The less marked relationship between deprivation and hip fracture incidence in women may in part be explained by the stronger relationship between deprivation and obesity in women [37] , as adiposity over the greater trochanter is thought to protect against hip fracture [38] . Interestingly, a regional study in an urban population in Spain (2009-2012) demonstrated that age-and sex-adjusted hip fracture risk was 10% lower in the most deprived as compared to the least deprived areas [12] . However, this association was attenuated after adjustment for body mass index (BMI), suggesting that a higher prevalence of obesity in more deprived areas may have accounted for the inverse relationship observed. We were unable to adjust for obesity in our analyses due to lack of BMI data in HES; similarly, tobacco use and alcohol consumption data were not available for analysis. Studies investigating the relationship between deprivation and hip fracture incidence have mostly demonstrated a social gradient with greater levels of deprivation being associated with a higher hip fracture incidence across many highincome countries [6] [7] [8] [9] [10] [11] , including the UK [14] [15] [16] . Despite efforts made over the last decade by the UK Government to reduce health inequalities in England, it is concerning that our findings suggest that disparities in fracture prevention persist and, in some groups, have worsened. The 'Choosing Health: making healthy choices easier' (2004) and 'Healthy Lives, Healthy People' (2010) white papers highlighted the Government's strategy for addressing public health challenges [39, 40] , and the 'Marmot Review' (2010) provided evidencebased policy recommendations for addressing health inequalities in England [41] . These efforts coincided with a growing emphasis towards the improved management of individuals at risk of fragility fractures; in 2012, NICE issued guidance on targeted assessment of fracture risk among 'at risk' populations (such as those with comorbidities) using validated tools, namely FRAX and QFracture [42] , as well as treatment recommendations to protect bone [43] . Hip fractures commonly follow another index fragility fracture, hence the importance of Fracture Liaison Services (FLS) to promptly identify such fractures and instigate management to reduce future fracture risk (21) . Despite this, a significant gap in care for secondary fracture prevention has been reported in several countries [44] as well as in the UK [45] . Several large-scale initiatives aiming to narrow this care gap have been implemented nationally [21, 42, 46] and internationally [47] . Encouragingly, over the last two decades, we have made considerable gains in reducing hip fracture incidence among women in England; however, our findings suggest that greater focus needs to be placed upon addressing the rising hip fracture incidence in men, as well as the inequities in hip fracture incidence observed in those who are most deprived.
The decline in hip fracture incidence rates among women that we report are consistent with studies conducted in Australia [22] , Canada [23] and the USA [24] . However, these also reported, albeit to a lesser degree, declining rates in men. Our contrasting observation of increasing hip fracture incidence among men is consistent with an analysis of UK general practitioner (CPRD) records, which showed that hip fracture incidence increased from 108 to 134 hip fractures per 100,000 person-years between 1990-1994 and 2008-2012 [27] ; although hip fracture incidence was reported as stable in women, the analyses were not age adjusted. Early HES analyses reported stable age-standardised hospital admission rates for hip fractures in men and women in England between 1989 and 1998 [25] , and gender-specific trends similar to those we report were seen in older adults between 2003 and 2013 [26] . Gender differences in secular trends in hip fracture incidence may be partly explained by an under-appreciation of osteoporosis as a disease that affects men. Despite a third of all hip fractures worldwide occurring in men [48] , and their higher associated mortality [49] , men are less likely to receive osteoporosis treatment than women [24, 45, 50] . A UK study found that women were 50% more likely than men to be initiated on an anti-osteoporosis drug within the year following an incident hip fracture over the period 2000 to 2010 [45] . The use of androgen deprivation therapy to treat prostate cancer has risen in England since the 1980s from 33,000 prescriptions in 1987 to 470,000 prescriptions in 2004 and is a wellestablished risk factor for fracture [51, 52] . Whilst the frequency of alcohol consumption has decreased considerably from 2005 to 2014, in men alcohol consumption more than three times the daily recommended limit has only marginally decreased from 12% in 2005 to 10% in 2014 [53] . Our findings that the proportion of age-standardised hip fracture admissions in both men and women who have comorbidity has risen from 2008 to 2014 further highlights the importance of hip fracture prevention in those with comorbid conditions; a similar trend has been observed in the USA using Medicare claims data from 1985 to 2005 [24] . Nationally the burden of comorbidity is growing; the number of people with multiple comorbidities is predicted to rise from 1.9 million in 2008 to 2.9 million in 2018 in the UK [54] . Furthermore, deprivation is associated with higher rates of comorbidity [55, 56] . The increasing burden of comorbid disease amidst our growing ageing population is likely to have a significant impact on future hip fracture incidence.
Limitations
We calculated hip fracture incidence rates based on individuals, and therefore, we limited our analyses to the first occurrence of hip fracture for each patient, which is likely to lead to an underestimation of hip fracture incidence (8.7% of hip fractures are thought to be second hip fractures [57] ). The vast majority of hip fractures are expected to be managed in an NHS hospital; however, a small proportion may have been admitted directly to privately financed healthcare facilities and hence were not captured in HES, again leading to an underestimation of hip fracture incidence, particularly among those least deprived. The quality of clinical coding in HES is liable to have changed over time in response to changes in health care tariff systems, influencing the recording of comorbidities over our study period and potentially contributing to the apparent increasing burden of comorbid disease. Hence, we may have underestimated the proportion of hip fracture admissions with comorbidity during the earlier years of our analyses. Finally, we used an area-based measure of deprivation as a proxy for an individual's level of deprivation, so this ecological measure will in some cases misclassify individuals.
Conclusion
Our study is the largest UK population-based study of incident hip fracture admissions assessed by levels of deprivation in both men and women for more than a decade. The availability of patient-level data for all hip fracture admissions to English NHS hospitals over a 14-year period allowed us to undertake detailed examination of secular trends in hip fracture incidence, stratified by IMD quintiles and gender, using a valid measure of deprivation specific to the English context. We have demonstrated firstly that, after accounting for age, hip fracture incidence is declining in women, but is rising in men; secondly, deprivation predicts increased hip fracture incidence in both women and men, with a stronger relative impact among men. However, owing to the overall higher incidence of hip fractures in women, deprivation has a greater impact on the number of hip fractures among women. Thirdly, despite UK Government and public health initiatives to both address health inequalities and prevent hip fractures, absolute inequalities in hip fracture incidence have persisted among both men and women over the 14 years studied, with the health inequality gap marginally widening among women. Our findings stress the need for reassessment of current national public health strategies to prevent hip fractures. Particular focus is needed on the development of health policies that address persisting social and gender inequalities.
